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TITLE OF THE INVENTION 
[0001] X-ray imaging device 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 [0002] The present invention relates to X-ray 

imaging device. 
Related Background Art 

[0003] X-ray imaging device using charge- 

coupled device (abbreviated to "CCD" hereinafter) 

10 is an imaging device having superior energy 

resolution and position resolution. X-ray imaging 
device using back-illuminated CCD excels in low 
energy X-ray detection efficiency because 
electrodes for charge transfer do not shield X-ray 

15 to be detected. This causes the X-ray imaging 

device using back-illuminated CCD to detect X-ray 
within a predetermined energy range (for example, 
from 0.1 to 20 keV (called "soft X-ray" 
hereinafter) ) . 

20 [0004] Since CCD is made from silicon (Si), 

absorption of X-ray with a higher energy range 
(for example, from 20 to 100 keV (called "hard X- 
ray" ) ) than the predetermined energy range is 
extremely low. Consequently, hard X-ray is not 

25 detected at CCD and passes through the CCD. 

Therefore, in order to detect hard X-ray, it is 
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inevitable to use X-ray imaging device provided 
with scintillator to convert X-ray into visible 
light, so that the detection of any X-ray within a 
wide energy range (that is, soft X-ray and hard X- 
5 ray) with one imaging device was not possible. 

[0005] The radiation detector with a plurality 

of PIN photodiodes laminated via insulators is 
known, which. can detect X-ray with different 
energy ranges using each PIN photodiode. 
10 SUMMARY OF THE INVENTION 

[0006] However, the radiation detector with a 

plurality of PIN photodiodes laminated is 
structurally compl icated . 

[0007] An object of the invention is to 

15 provide a structurally simple X-ray imaging device 

which can detect any X-ray with a wide energy 
range. 

[0008] X-ray imaging device in accordance with 

the invention comprises an imaging portion 

20 arranged corresponding to a surface of X-ray 

incidence, having sensitivity to X-ray with a 
predetermined energy range and to visible light 
with a predetermined wavelength range and picking 
up images of X-ray and visible light; and a 

25 scintillator arranged on an opposite surface to 

the surface of X-ray incidence across the imaging 
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portion in a direction of X-ray incidence, 
emitting visible light with the predetermined 
wavelength range by absorbing X-ray with a higher 
energy range than the predetermined energy range. 
5 [0009] In the X-ray imaging device in 

accordance with the invention, when X-ray with a 
predetermined energy range is incident, image of 
X-ray with the predetermined energy range is 
picked up by the imaging portion. On the other 

10 hand, when X-ray with a higher energy range than a 

predetermined energy range is incident, X-ray is 
converted into visible light with a predetermined 
wavelength range via a scintillator, and image of 
the resultant visible light with the predetermined 

15 wavelength range is picked up by the imaging 

portion. As a result, image of any X-ray with a 
wide range up to a higher energy range than the 
predetermined energy range can be picked up. 
Further, the simple structure in which the 

20 scintillator is formed on the opposite surface to 

the surface of X-ray incidence across the imaging 
portion in the direction of X-ray incidence, so 
that the image of any X-ray with a wide energy 
range can be picked up. 

25 [0010] Preferably, the imaging portion is 

formed on the opposite surface to the surface of 
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X-ray incidence on a semiconductor substrate; and 
the scintillator is arranged on the opposite 
surface of the semiconductor substrate so as to 
cover at least the imaging portion. 
5 [0011] Preferably, the imaging portion is 

formed on the surface of X-ray incidence on a 
semiconductor substrate; and the scintillator is 
arranged on the opposite surface to the surface of 
X-ray incidence on. the semiconductor substrate so 
10 as to cover at least an area corresponding to the 

imaging portion. 

[0012] The semiconductor substrate is 

preferably thinned at the area corresponding to 
the imaging potion. 
15 [0013] The imaging portion includes preferably 

a plurality of imaging elements arrayed two- 
dimensional ly . 

[0014] The scintillator contains preferably 

Bi 4 Ge 3 0i2 . 

20 [0015] Alternatively, the scintillator 

contains preferably Csl. 

[0016] More alternatively, the scintillator 

contains preferably Gd 2 0 2 S. 

[0017] Preferably, a reflective film, which 

25 reflects visible light with a predetermined 

wavelength ' range, is provided behind the 
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scintillator in the direction of X-ray incidence. 
[0018] X-ray imaging device in accordance with 

the invention comprises an imaging portion formed 
on an opposite surface to a surface of X-ray 
5 incidence on a semiconductor substrate, having 

sensitivity to X-ray with a predetermined energy 
range and to visible light with a predetermined 
wavelength range and picking up images of X-ray 
and visible light; and a scintillator arranged on 

10 the opposite surface of the semiconductor 

substrate so as to cover the imaging portion, 
emitting visible light with the predetermined 
wavelength range by absorbing X-ray with a higher 
energy range than the predetermined energy range. 

15 [0019] X-ray imaging device in accordance with 

the invention comprises an imaging portion formed 
on a surface of X-ray incidence on a semiconductor 
substrate, having sensitivity to X-ray with a 
predetermined energy range and to visible light 

20 with a predetermined wavelength range and picking 

up images of X-ray and visible light; and a 
scintillator arranged on an opposite surface to 
the surface of X-ray incidence on the 
semiconductor substrate so as to cover at least an 

25 area corresponding to the imaging portion, 

emitting visible light with the predetermined 
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wavelength range by absorbing X-ray with a higher 
energy range than the predetermined energy range. 
[0020] The present invention will become more 

fully understood from the detailed description 
given hereinbelow and the accompanying drawings 
which are given by way of illustration only, and 
thus are not to be considered as limiting the 
present invention. 

[0021] Further scope of applicability of the 

present invention will become apparent from the 
detailed description given hereinafter. However, 
it should be understood that the detailed 
description and specific examples, while 
indicating preferred embodiments of the invention, 
are given by way of illustration only, since 
various changes and modifications within the 
spirit and scope of the invention will become 
apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Fig. 1 is a schematic view illustrative 

of a sectional structure of an X-ray imaging 
device in accordance with a first embodiment. 
[0023] Fig. 2 is a schematic plan view of a 

CCD portion of the X-ray imaging device in 
accordance with the first embodiment. 
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[0024] Fig. 3A is a depiction of the detection 

of soft X-ray at the X-ray imaging device in 
accordance with the first embodiment. 

[0025] Fig. 3B is a depiction of the detection 

of hard X-ray at the X-ray imaging device in 
accordance with the first embodiment. 

[0026] Fig. 4 is a schematic representation 

illustrative of a sectional structure of. the X-ray 
imaging device in accordance with a second 
embodiment . 

[0027] Fig. 5A is a depiction of the detection 

of soft X-ray at the X-ray imaging device in 
accordance with the second embodiment. 
[0028] Fig. 5B is a depiction of the detection 

of hard X-ray at the X-ray imaging device in 
accordance with the second embodiment. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0029] The invention now will be described 

hereinafter with reference to the drawings in 
which X-ray imaging devices in accordance with the 
embodiments of the invention are shown. Note that, 
in the respective drawings, the same reference 
numerals will be used for the same elements or 
elements having the same functions, and repeated 
description will be omitted. 
[0030] (First Embodiment) 
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[0031] Fig. 1 is a schematic depiction of a 

sectional structure of the X-ray imaging device in 
accordance with a first embodiment. In the 
description hereinafter, the front surface refers 
5 to the surface of X-ray incidence (that is, the 

upper surface in Fig. 1), and the rear surface 
refers to the opposite surface (that is, the lower 
surface in Fig. 1). to the front surface. The X-ray 
imaging device 1 is provided with a CCD portion 10 

10 and a scintillation portion 30. 

[0032] The CCD portion 10 has a semiconductor 

substrate 23. The semiconductor substrate 23 
includes a high concentration p + -type 

semiconductor layer 19 and a p-type epitaxial 

15 layer 21 deposited on p + -type semiconductor layer 

19. An insulating layer 25 is provided on the 
semiconductor substrate 23 (the p-type epitaxial 
layer 21) . A plurality of transfer electrodes 27 
made of polysilicon are provided in an insulating 

20 layer 26 on the insulating layer 25. An insulating 

layer 28 and electrode pads 17 (described below) 
are provided on the insulating layer 26. An 
imaging portion 2 described below is constituted 
by the area corresponding to a plurality of 

25 electrodes 27 at the semiconductor substrate 23 

(the p-type epitaxial layer 21) . The imaging 
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portion 2 is arranged corresponding to a surface 
of X-ray incidence. A silicon oxide film 24 is 
formed on the rear surface of the semiconductor 
substrate 23 . 

[0033] The p + -type semiconductor layer 19 is 

made of boron-doped silicon substrate and is about 

300 mhi in thickness. The p-type epitaxial layer 21 
overlies the p + -type semiconductor layer 19, has a 
high resistivity of several k Q cm and is about 50 
to 100/xm in thickness. The insulating layer 25 is 
made of silicon oxide film and is about 0.1 /i m in 
thickness. The insulating layer 26 is made of 
silicon oxide film, silicon nitride film or 
composite film thereof. 

[0034] The area corresponding to the imaging 

portion 2 within the semiconductor substrate 23 
(the p + -type substrate layer 19) is thinned from 
the rear surface to form concave 29. The depth of 
the concave 29 is substantially equal to that of 
the p + -type substrate layer 19, and the thinned 
area within the p + -type semiconductor layer 19 
functions as accumulation layer. The thickness of 
the thinned area within the p + -type semiconductor 
layer 19 is approximately 1 jum. 

[0035] The CCD portion 10 now will be 

discussed in detail hereinafter with reference to 
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Fig. 2. Fig. 2 is a schematic plan view of the CCD 
portion within X-ray imaging device in accordance 
with the first embodiment. At the CCD portion 10, 
a full frame transfer (FFT) type CCD is 
5 constituted. The CCD portion 10 has a vertical 

shift register portion 3 corresponding to the 
imaging portion 2 and a horizontal shift register 
portion 5. The imaging portion 2 includes a photo 
detecting area 7, an optical black area 9 and an 

10 isolation area 11. At the ends of the CCD portion 

10, a plurality of electrode pads 17 are provided. 
[0036] The photo detecting area 7 is provided 

with a plurality of imaging elements (pixels) 
arranged two dimensionally . Each of the imaging 

15 elements is constituted by an area corresponding 

to each corresponding vertical shift register 3 of 
the p-type epitaxial layer 21. The imaging 
elements are adapted to have sensitivity to soft 
X-ray and to visual light with a wavelength range 

20 about 550 nm . This causes the imaging portion 2 to 

pick up images of soft X-ray and of visual light 
with the wavelength range. 

[0037] The optical black area 9 is positioned 

outside the photo detecting area 7 . In the optical 
25 black area 9, imaging elements configured for 

light not to be incident thereupon are arranged to 
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surround the photo detecting area 7. Further, the 
isolation area 11 is interposed between the photo 
detecting area 7 and the optical black area 9 to 
electrically separate the photo detecting area 7. 
and the optical black area 9 from each other. The 
isolation area 11 and the optical black area 9 are 
used as reference for dark current or the like in 
the normal front illuminated CCD, but are not 
indispensable in the embodiment. 

[0038] An input portion 13 inputs an 

electrical signal to the vertical shift register 
portion 3 and the horizontal shift register 
portion 5. The electrical charges stored in a 
potential well during integrating period are 
successively transferred during a charge transfer 
period via the vertical shift register portion 3 
and the horizontal shift register portion 5 to 
become sequential signals. Transferred charges are 
converted into voltage at an output portion 15 to 
be output as image signals. 

[0039] The vertical shift register portion 3, 

the horizontal shift register portion 5, the input 
portion 13 and the output portion 15 are 
electrically connected to each corresponding 
electrode pad 17 via patterned wirings (not shown) . 
The electrode pads 17 serve to supply DC voltage 
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and clock pulses to the CCD portion 10 (the 
vertical shift register portion 3, the horizontal 
shift register portion 5 or the input portion 13), 
and to output signals from the imaging portion 2. 
The electrical pads 17 are electrically connected 
to an external substrate by electrically 
connecting bonding wires (not shown) . 

[0040] The scintillation portion 30. now will 

be described hereinafter referring again to Fig. 1. 
The scintillation portion 30 is arranged to cover 
the area (the underside of the concave 29) 
corresponding to the imaging portion 2 on the rear 
surface, of the semiconductor substrate 23. The 
scintillation portion 30 includes a scintillator 
31 and a protective film 33. The scintillator 31 
converts the incident soft X-ray into visible 
light within a wavelength range about 550 nm to 
which the imaging elements of the imaging portion 
2 has sensitivity. The scintillator 31 is grown 
and formed on the rear surface (bottom portion of 
the concave 29) of the substrate corresponding to 
the imaging portion 2 and is made of Csl . The 
thickness of the scintillator 31 is about 100 to 
500 \i m. The scintillator 31 may be made by an 
adhesion or a deposition, with the protective film 
33 . 
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[0041] The rear surface of the scintillator 31 

is coated with the protective film 33. The 
protective film 33 is constituted by a organic 
film 33a made of polypar axy lene and a reflective 
film 33b made of aluminum or the like laminated on 
each other. The organic film 33a prevents the 
scintillator 31 from being touched with air to 
avoid degradation of light emission efficiency due 
to deliquescence. The reflective thin film 33b 
reflects that part of the light generated at the 
scintillator 31 which proceeds in an opposite 
direction to X-ray incidence. Moreover, the 
reflective thin film 33b shields direct light from 
the outside. The thickness of the organic film 33a 
is about several i± m to 10 and several m ni . The 
thickness of the reflective film 33b is about 1 ii 
m . 

[0042] Operations of the X-ray imaging device 

1 now will be hereinafter described. First, X-ray 
is incident from the front surface of the X-ray 
imaging device 1. If the incident X-ray is soft X- 
ray, since the imaging elements of the imaging 
portion 2 has sensitivity to soft X-ray, the 
incident soft X-ray generates electrons via 
photoelectric conversion within the depleted p- 
type epitaxial layer 21 of CCD portion 10. 
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Electrons generated are stored in a potential well 

in the charge transfer channel formed below the 

( 

insulating layer 25 during a predetermined time. 
This causes soft X-ray to be detected by the CCD 
portion 10 (see Fig. 3A) . The number of electrons 
stored in each of the imaging u elements is in 
proportion to the energy of the incident soft X- 
ray,. and an image signal corresponding to the soft 
X-ray image is obtained. 

[0043] On the other hand, if the X-ray 

incident from . the front surface of X-ray imaging 
device 1 is hard X-ray, since the imaging elements 
of the imaging portion.- 2 has no sensitivity to 
hard X-ray, the hard X-ray transmits through the 
CCD portion 10 (that is, the transfer electrodes 
27, the insulating layers 25, 26 and 28, the 
semiconductor substrate 23 and a silicon oxide 
film 24) and reaches the scintillator 31 arranged 
on the rear surface (that is, the underside of the 
concave 29) of the thinned semiconductor substrate 
23. The hard X-ray is absorbed at the scintillator 
31, converted into visible light to which the 
imaging elements of the imaging portion 2 has 
sensitivity, and emitted in proportion to the dose 
of hard X-ray reaching the scintillator 31. That 
part of the emitted visible light which proceeds 
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toward the front surface is incident upon the 
imaging elements of the imaging portion 2 from the 
rear surface (the underside of the concave 29) of 
the semiconductor substrate 23 (that is, the CCD 
portion 10 functions as the so-called the back- 
illuminated CCD) . The light proceeding toward the 
rear surface is reflected at the reflective thin 
film 33b. of the protective film 33, and is 
incident upon the imaging elements of the imaging 
portion 2 from the rear surface (the underside of 
the concave 29) of the semiconductor substrate 23 
through the scintillator 31 (see Fig. 3B). This 
causes almost all of the light generated at the 
scintillator 31 to be incident upon the imaging 
portion 2 . 

[0044] Since the imaging elements have 

sensitivity to the emitted visible light, an 
electric signal corresponding to the intensity of 
this visible light is generated to be stored 
during a predetermined time. Since the intensity 
of this visible light corresponds to the dose of 
incident hard X-ray, the number of electrons 
stored in each of the imaging elements is in 
proportion to the dose of incident hard X-ray, and 
the image signal corresponding to the hard X-ray 
image is obtained. 
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[0045] The image signals stored in the imaging 

elements are output sequentially from the 
electrode pads 17 via signal lines (not shown) and 
transferred outside the CCD portion 10. By 
processing the image signals at the external 
processing device (not shown), X-ray image is 
obtained . 

[0046] As described above, in the. first 

embodiment, image of soft X-ray is directly picked 
up by the imaging portion 2 of the CCD portion 10 
when soft X-ray is incident. On the other hand, 
when hard X-ray is incident, the hard X-ray is 
converted into visible light by the scintillator 
31, and the image of the resultant visible light 
is picked up by the imaging portion 2. As a result, 
image of both soft X-ray and hard X-ray, that is, 
X-ray with a significantly wide energy range of 
0.1 to 100 keV, can be efficiently picked up. 
[0047] Further, in the first embodiment, the 

simple structure in which the imaging portion 2 is 
formed on the front side of the semiconductor 
substrate 23 and the scintillator 31 is formed on 
the rear side of the semiconductor substrate 23 so 
as to cover at least the area corresponding to the 
imaging portion 2, so that image of any X-ray with 
a wide energy range can be picked up. 
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[0048] Further, the first embodiment 

contemplates using the scintillator made, of Csl as 
the scintillator 31. Since Csl constitutes 
columnar crystal, the scintillator 31 allows high 
5 resolution of X-ray incidence position. Further, 

since the scintillator 31 containing Csl allows a 
high intensity of light emission, the X-ray 
imaging device 1 using the scintillator 31 allows 
high energy resolution. 

10 [0049] Further, in the first embodiment, the- 

reflective thin film 33b. is provided behind the 
scintillator 31 in a direction of X-ray incidence. 
Whereby, since part of the light generated at the 
scintillator 31 which proceeds in the opposite 

15 direction of X-ray incidence is reflected by the 

reflective thin film 33b, it is possible to 
improve detection sensitivity without missing the 
generated light. 

[0050] Further, in the first embodiment, the 

20 area corresponding to the imaging portion 2 of the 

semiconductor substrate 23 (the p + -type 

semiconductor layer 19) is thinned. Since the 
semiconductor substrate 23 (the p + -type 

semiconductor layer 19) is thinned, the absorption 
25 of the light generated at the scintillator 31 

through the semiconductor substrate 23 (the p + - 
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type semiconductor layer 19) is suppressed. As a 
result, the reduction of the detection sensitivity 
to the light generated at the scintillator 31 can 
be suppressed. 

[0051] (Second Embodiment) 

[0052] Fig. 4 is a schematic representation of 

a sectional structure of the X-ray imaging device 
in accordance with a second embodiment. 
Hereinafter, the surface of X-ray incidence (the 
lower surface in Fig. 4) refers to the rear 
surface, and the opposite surface (the upper 
surface in Fig. 4) to the surface of X-ray 
incidence refers to the front surface. 
[0053] As shown in Fig. 4, an X-ray imaging 

device 51 is provided with the CCD portion 10 and 
the scintillation portion 30. The CCD portion 10 
has the semiconductor substrate 23. The 
Semiconductor substrate 23 includes the . p + -type 
semiconductor layer 19 and the p-type epitaxial 
layer 21. 

[0054] It is noted that the CCD portion 10 has 

the vertical shift register portion 3 and the 
horizontal shift register portion 5 as shown in 
Fig. 2. The imaging portion 2 includes the photo 
detecting area 7, the optical black area 9 and the 
isolation area 11. 
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[0055] The scintillation portion 30 is 

arranged on the insulating layer 28 so as to cover 
the imaging portion 2. The scintillation portion 
30 includes the scintillator 31 and the protective 
5 film 33. The scintillator 31 is grown and formed 

on the front surface of the insulating layer 28 
(the imaging portion 2) and is made of Csl . The 
front surface of the scintillator 31 is coated 
with the protective film 33. The scintillator 31 
10 may be made by an adhesion or a deposition, with 

the protective film 33. 

[0056] Operations of the X-ray imaging device 

51 now will be hereinafter described. First, X-ray 
is incident from the rear side of the X-ray 

15 imaging device 51. If the incident X-ray is soft 

X-ray, since the imaging elements of the imaging 
portion 2 have sensitivity to soft X-ray, the 
incident soft X-ray generates electrons via 
photoelectric conversion within the depleted p- 

20 type epitaxial layer 21 of the CCD portion 10. 

Generated electrons are stored in a potential well 
of the charge transfer channel formed below the 
insulating layer 25 during a predetermined time. 
This causes soft X-ray to be detected by the CCD 

25 portion 10 (see Fig. 5A) . The number of electrons 

stored in each of the imaging elements is in 
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proportion to the energy of the incident soft X- 
ray, and an image signal corresponding to the soft 
X-ray image is obtained. 

[0057] On the other hand, if the X-ray 

5 incident from the rear surface of the X-ray 

imaging device 51 is hard X-ray, since the imaging 
elements of the imaging portion 2 have no 
sensitivity to hard X-ray, the hard X-ray passes 
through the CCD portion 10 (the silicon oxide film 

10 24, the semiconductor substrate 23, the insulating 

layers 25, 26 and 28 and the transfer electrodes 
27) and reaches the scintillator 31 arranged on 
the front surface (the opposite surface to the 
concave 29) of the thinned semiconductor substrate 

15 23. The hard X-ray is converted into visible light 

to which the imaging elements of the imaging 
portion 2 have sensitivity, and emitted in 
proportion to the dose of hard X-ray reaching the 
scintillator 31. That part of the emitted visible 

20 light which proceeds toward the rear side is 

incident upon the imaging elements of the imaging 
portion 2. The light proceeding toward the front 
surface is reflected by the reflective thin film 
33b of the protective film 33, passes through the 

25 scintillator 31 and is incident upon the imaging 

elements of the imaging portion 2 (see Fig. 5B) . 
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This causes almost all of the light generated at 
the scintillator 31 to be incident upon the 
imaging portion 2 . 

[0058] Since the imaging elements have 

sensitivity to the emitted visible light, an 
electric signal corresponding to the intensity of 
this visible light is generated via photoelectric 
conversion to be stored during a predetermined 
time. Since the intensity of this visible light 
corresponds to the dose of - the- incident hard. X-ray, 
the number of electrons stored in each of the 
imaging elements is in proportion to the dose of 
the incident hard X-ray, and an image- signal 
corresponding to the hard X-ray image is obtained. 
[0059] The image signals stored in the imaging 

elements are sequentially output from the 
electrode pads 17 via signal lines (not shown) and 
transferred outside the CCD portion 10. By 
processing the image signal at the external 
processing device (not shown) , X-ray image is 
obtained. 

[0060] As described above, in the second 

embodiment, as with the first embodiment, when 
soft X-ray is incident, image of the soft X-ray is 
directly picked up by the imaging portion 2 of the 
CCD portion 10. On the other hand, when hard X-ray 
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is incident, the hard X-ray is converted into 
visible light by the scintillator 31, and the 
image of the resultant visible light is picked up 
by the imaging portion 2. As a result, images of 
both soft X-ray and hard X-ray, that is, any X-ray 
with a significantly wide energy range of 0.1 to 
100 keV, can be efficiently picked up. 
[0061] Further, in the second embodiment, 

through the simple structure wherein the imaging 
portion 2 - is formed on the front side of the 
semiconductor substrate 23 and the scintillator 31 
is arranged on the front side of the semiconductor 
substrate 23 so as to -cover at least the imaging 
portion 2, image of any X-ray with a wide energy 
range can be picked up. 

[0062] Further, in the X-ray imaging 51 of the 

second embodiment, X-ray is incident from the rear 
side of the semiconductor substrate 23. Hard X-ray 
that has high energy is incident from the rear 
side, passes through the transfer electrodes 27, 
causes the scintillator 31 to emit light and is 
detected as visible light emitted from the 
scintillator 31. On the other hand,^ soft X-ray 
that has low energy is hardly absorbed through the 
p + -type semiconductor substrate 19, since the p + - 
type semiconductor layer 19 is thinned. Further, 
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since soft X-ray that has low energy is incident 
from the rear side not provided with the transfer 
electrodes 27, soft X-ray is not shielded by the 
transfer electrodes 27. This causes soft X-ray to 
5 be efficiently detected. As a result, images of 

soft X-ray and hard X-ray, that is, any X-ray with 
a wide energy range, can be efficiently picked up. 
[0063] In the X-ray imaging devices 1 and 51 

of the embodiment, the semiconductor substrate 23 

10 • is of p-type, which is to be considered . as. 

illustrative and not restrictive, and the 
semiconductor substrate 23 may be of n-type. 
[0064] If the specific resistances of silicon 

wafers are made equal, the impurity concentration 

15 of n-type semiconductor can be lower than that of 

p-type semiconductor. Therefore, if applied 
voltages are approximately equal, the depletion 
layer in the n-type semiconductor substrate to be 
formed thick. Whereby, the semiconductor substrate 

20 is not necessary to be partially thinned, and the 

forming step for the concave on the rear side can 
be omitted. 

[0065] Further, in the X-ray imaging devices 1 

and 51 of the embodiment, the scintillator made of 
25 Csl is used as the scintillator 31, which is to be 

considered as illustrative and not restrictive, 
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and the scintillator containing Bi 4 Ge 3 0i2 (called 
" B GO 11 hereinafter) (and possibly other substances 
wherein the content of BGO is preferably 95 to 
100 % by weight) may also be used. Since BGO 
constitutes, as with Csl, columnar crystal, the 
scintillator containing BGO allows high resolution 
of the X-ray incidence position. Further, since 
the scintillator containing BGO allows a high 
intensity of light emission, the X-ray imaging 
device 1 and 51 allows high- energy resolution. It 
is noted that generally a case occurs often where 
the X-ray imaging device is cooled for use to 
suppress thermal noise. However, since, especially 
BGO shows a high intensity of light emission even 
when being cooled to the temperature of about 
-100 °C , the scintillator containing BGO allows a 
high intensity of light emission and high energy 
resolution, even when the X-ray imaging device 1 
and 51 is being cooled. 

[0066] The scintillator containing Gd 2 0 2 S may 

be used as the scintillator 31. Since Gd 2 0 2 S 
constitutes, as with Csl, columnar crystal, the 
scintillator containing Gd 2 0 2 S allows high 
determination accuracy of the X-ray incidence 
position. Since the scintillator containing Gd 2 0 2 S 
allows a high intensity of light emission, the X- 
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ray imaging device using the scintillator 
containing Gd 2 0 2 S allows a high energy resolution. 
[0067] From the invention thus described, it 

will be obvious that the invention may be varied 
in many ways. Such variations are not to be 
regarded as a departure from the spirit and scope 
of the invention, and all such modifications as 
would be obvious to one skilled in the art are 
intended for inclusion within the scope of the 
following claims. . . 
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